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INSTnUT NATIONAL DE LA SANTE ET DE LA RECHERCHE MEDICALE 
(TNSERM) and CENTRE NATIONAL DE LA RECHERCHE SdENTmQUE (CNRS) 



The use of new agents which induce cell death 
in synergy with interferons 



ABSTRACT OF THE TECHNICAL 
CONTENT OF THE INVENTION 

The present invention relates to the wse of new agents which induce ceU death, particularly 
an agent which enables superexpression of the PML protein on nuclear bodies, in association 
with interferons, to induce the death of undesirable cells. 

No Figure 
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The present invention relates to the use of new agents which induce ceU death, particularly 
an agent which enables superexpressian of the PML protein on nuclear bodies, in association 
with interferons, to induce the death of undesirable ceUs. 

Nuclear bodies are structures of unknown ftmction which are associated with the nuclear 
matrix, and contain a certain number of proteins, including PMLI SpIOO, ISG20, PIC- 
1/SUMO 1, lysplOO, PLZF, Int-6. CBP, Rb, RFP and tibosomal protein P (lUunond'et aL, 
1998). The gene which codes for the PML protein (for "promyelocytic leukaemia") has been 
identified firan its fusion with the RARa gene (nuclear receptor of retinoic acid) in the 
1(15; 17) translocation found in patients affected by acute promyelocytic leukaemia (APL). 
This PML gene is a target gene of interferons, and its superexpression causes a stoppage of 
growth of some cell Enes (Koken et al., 1995). In malignant APL cells, the PML protein is 
not located on nuclear bodies but is relocated due to Ae expression of PMl^RARa. Arsenic 
15 oxide induces the return of PML to its normal location, as well as the death of the cell. In 
nomial non-APL cells, where the PML location is normal, arsenic induces aggregation of 
PML to fonn large, modified bodies, but this phenomenon is not accompanied by cell death 
(Zhu et al., 1997). 

20 The authors of the present invention have now discovered that superexpression of the PML 
protein located on nuclear bodies causes cell death by an original mechanism which is 
different from that of caspase-induced apoptosis. 



25 



The main consequence of this discovery is that a substance which prranotes PML protein 
addressing to cell bodies, and/or its stabilisation, is paitigularly useful for inducing the death 
of undesirable cells. 



Said substances which induce PML protein addressing to nuclear bodies, and/or its 
stabiUsation, can be identified by standard f«sfs known to one skilled in the art, In particular 
30 measurement of the mtracellular transit between cytoplasmic and nucleoplasmic ftactions 
and the faction associated with unclear bodies and the stabilisation of the PML protein can 
be made by Western blotting. 
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In particular, said undesirable cells can be tamour cells, cells infected by a virus, a parasite 
or a bacterium, immune ceHs participating in an inappropriate Tmrniinft reaction, genetically 
modified cells, or senescent or byperplasic cells. 

5 A "tumour** should be understood to include airy undesirable benign or malignant 
proliferation of cells, including solid cancers and leukaemias and lymphomas in particular. 
Malignant tumours include chronic myeloid leukaemias and melanomas in particular. 

The present invention therefore relates to the use of at least one substance which promotes 
1 0 PML protein addressing to nuclear b odies and/or its stabilisation for the production of a drug 
intended to induce -flie death of undesirable cells, with the exception of lexikaemia cells gf 
acute promyelocytic leukaemia when said fiubstaace is a compound of arsenic. 

Since expression of the PML protein is induced by interferons, the presence of interferons, 
15 whether of endogenous origin or administeied to the patient simultaneously or sequentially, 
is necessary for the efficacy of the envisaged treatment 

Surprisingly, the authors of the present invention have discovered in particular that zVAD 
(benzyloxycarbonyl-Val-Ala-Asp(0-ra6thyl)-fluororaetiiylketone) firsfly stabilises tiie PML 
20 protein and secondly accelerates cell death induced by interferons. 

However, zVAD was initially known as an inhibitor of caspases, which are proteases 
mvolved in the apoptosis process (Salvesen et aL, 1997). Studies (McCarthy and aL, 1997) 
have also shown that zVAD strongly inhibits or delays ceU deatL The discovery made by the 
25 authors of flie present invention, according to which zVAD does not block cell death induced 
by interferons but on the contrary accelerates it, is therefore contrary to the result which one 
skilled in the art would expect 

The present invention relates in particular to tiie use of an inhibitor and/or caspase substrate 
30 such as zVAD, for the production of a drug intended to induce the death of undesirable cells. 

The term "caspase substrate" should be understood to include all compounds capable of 
binding to caspases. 
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The aumors of the piesent inventioji have also discovered that arsenic, and more particularly 
arsenic trioxide, firstly promotes the addressing of the PML protein to celhiJar bodies and 
secondly accelerates cell death induced by interfenms. 

5 

The present invention more particularly relates to the use of a compound of aisenio or a 
compound having the same biological properties as arsenic for the production of a drug 
intended for indnoing the death of undesirable cells, with the exception of the leukaemia 
cells of acute promyelocytic leukaemia. 

10 

Amongst compounds of aisemo, arsenic trioxide should be mentioned in particular. 



The term "compound having the same biological properties as arsenic" should be understood 
to mean any compound which, Kke arsenic, is a phosphatase inhibitor and/or is c^ble of 
1 5 creating covalent adduots by bonding with dithiol groupings. 

Inhibitors and/or caspase substrates or compounds of arsenic or compounds having flie same 
biological properties as arsenic are prefembly used for inducing the death of undesirable 
cells in association with the PML protein and/or with an agent which induces 
20 superexpression of the protein. Amongst agents which induce superexpression of the PML 
protein, an interferon is preferably used, such as interferon a. or p. 

In fed, the authors of the present invention have discovered in particular that caspase 
subsfrales, particularly zVAD, as weD as compounds of arsenic, particularly arsenic 
25 trioxide, act synergistically with interferons to induce and to accelerate cell death. 

The simultaneous or sequential administration of PML or of an agent which induces 
superexpression of the PML protein, such as interferons, can be useless if the amount of 
PML or of the agent which induces superexpression of the PML protein, such as interferons, 
30 of endogenous origm. is sufiScienL Nevertheless, according to one preferred embodiment of 
the invention, the administration of a substance selected from compounds of arsenic, 
compounds having the same biological properties as arsenic and caspase inhibitors and/or 
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substrates, is associated with the simultaneous or sequeatial adnunistiation of ?ML protein 
and/or of an agent which induces siipere;ipre8sioii of the PML protein, such as interferons. 

The use of a ^bstance sclec^ted from compoiuids of arsenic, conipomids having the same 
5 biological properties as arsenic and caspase inhibitors and/or substrates, in association with 
an interferon, for inducing the death of undesirable cells fonns part of the invention whether 
this is due to the PML protein induced by said interferon or by another mechanism which is 
also induced by said interferon. 

10 The present invention also relates to a therapeutic treatment method, in which a 
therapeutically effective amount of at least one substance selected from compounds of 
arsenic, compounds having the same biological properties as arsenic and caspase inhibitors 
and/or substrates, in association with a pharmaceutically acceptable vehicle, is administered 
to a patient who requires treatment such as this. 

15 

A therapeutically effective amount of PML protein, and/or of an agent which induces 
superexpression of the PML protein, such as an interferon, is preferably also administered, 
simultaneously or sequentially, to said patient 

20 The present invention also relates to a pharmaceutical composition containing 

1) either at least one inhibitor and/or a caspase substrate, associated with: 

at least one compound of arsenic or a compound having the same biological 
properties as arsenic, 

and/or the PML protein 

25 - and/or at least one agent which induces supere3Cpression of the PML protein, 

such as an interferon, 
in the presence of a phamiaceutically acceptable vehicle; 

2) or at least one compound of arsenic or a compound having the same biological 
properties as arsenic associated with the PML protem and/or with at least one agent which 
induces superexpression of the PML protein, such as an interferon, in the presence of a 
pharmaceutically acceptable vehicle. 

The present invention also relates to a kit comprising 



30 
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a) - a phairaaceutical composition (1) containing at least one inHbitor and/or caapase 
substrate, in association with a phannaceutically acceptable vehicle; 

- and/or a pWiaceutical composition (2) containing at least one compound of 
arsenic or a compound having the same properties as arsenic, in association with a 

5 phaimaceuticaUly acceptable vehicle; and 

b) - a pharmaceutical composition (3) containing the PML protein in association with a 
phannaceutically acceptable vehicle; 

- and/or a pharmaceutical composition (4) containing at least one agent which 
induces supeiexpression of the PML protein, such as an interferon, in association with a 

10 phaimaceutically acceptable vehicle; 

said pharmaceutical compositions being intended for simultaneous or sequential 
administration. 

The mode of administration and the dosage depend on the disease treated and its state of 
15 advancej as well as on flie weight, age and sex of the patient. 

According to the invention, the formulation of the drugs of the invention enables 
administration to be effected in particular by an oral, anal, nasal intramuscular, intradermal, 
subcutaneous or intravenous route. 

20 

The administration dose envisaged can be 1 to 50 mg per day, for example, preferably 
intravenously, for compomids of arsenic, 1 to 260 mg per kg of body weight of caspase 
subsiiatBS such as zVAD, and 1 to 20 million international unite (MIU), preferably 3 to 5 
MTU, preferably by an intramuscular or subcutaneous route, per day or every two days, for 
25 interferon. 

Tbs inventors have also discovered that cell death induced by superexpression of PML 
protein has features which are different ftom (hose of caspase-induced apoptosis. In the case 
of cell death induced by PMI, the characteristic miclear morphologies typical of apoptosis, 
30 such as chromatin condensation and nuclear fiagmentation, are not observed. 

Moreover, whereas cell death induced solely by interferons exhibits the characteristics of 
apoptosis, the authors of the present invention have observed that the synergistic association 
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10 



30 



of zVAD m± interferons cause this apoptotic phenolype to disappear, cell death Ui«n having 
characteristics which are different fiom those of apoptosis. 

One of the m^or consequences of this discovery is the capacity of the undesirable cells 
killed by the mechanism induced by PML to cause an immune reaction against similar 
undesirable ceUs which would have escaped Ihe dealt caused by the PML protein (Melcher 
et aL, 1998, Nature Medicine, Vol. 4, no. 5, pp, 581 -587). 

This properly makes the use of a substance selected from compounds of arsenic, compounds 
having the same biological properties as arsenic, and caspase inhibitors and/or substrates, 
preferably in associatioa with an iirterferon, for inducing death of undesirable cells, of 
particular interest inso&r as said substance also induces a subsequent immune reaction 
against undesirable cells. 

15 It can also be advantageously used for treating ex vivo a system of cells capable of 
containing undesirable ceUs before administration to a patient, for example a bone manow 
preparation intended for a graft for a patient wid, leukaemia, since a preparation such as this 
generally contains residual malignant cells. A treatment such as this not only enables fhee 
death of undesirable cells contained in the preparation to be induced, but also enables an 

20 hnmune reaction to be induced which is directed against the undesirable cells present in the 
patient's body to which the treated cell piepaiation is administeiwl. 

Therefore, the present invention also relates lominviiro method of inducing the death of 
undesirable cell, comprismg the placement of undesirable cells in contact with a substance 
25 selected from compounds of arsenic, compounds having ihe same biological properties as 
arsenic, and caspase inhibitors and/or substtates, said substance preferably being associated 
with the PML protein and/or with an agent which induces superexpression of the PML 
protein, preferably an interferon. 



Tbs foUowing examples and Figures illustrate the invention without Ihnitmg the scope 
thereof. 



KEY TO TP m CTmrn>Yp 
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' Figure 1 A iUustates the induction of a 90 kD PML protein in a KEF(T)PML clone 
four Iionis after exposure to variable CQncentrations of 2na2. 

- Figure IB iUustotes a FACS analysis of REF(T)PML cells or control ceUs, four 
hours 30 minutes after e)q)osure to 1 50 jiM of ZnCfe. The plots on the left iUustiate the DNA 
content in relation to the size of the celb. The plots on the right illustrate the DNA content as 
a function of the fluorescence (TUNEL). 

' Figure IC Uhistrates the cytometric analysis of REF(T)PML cells which were 
treated or not treated with ZnCfc, with etoposide. or with zVAD caspase inhibitor. Labelling 
was effected with Ann«dne V-FTTC (plots on the left) or rhodamine 123 (plots on the right). 
The percentage of apoptotic cells is indicated. 

- Figure 2A illustrates Hie absence of cleavage of PARP at the time of the cell death 
triggered by PML. The cells were treated with 150 pM of ZnClj. etoposide or zVAD. 

- Figure 2E iUustrates the activily of caspase CPP32 detcimined by cutting DEVD- 
pNA in REF(T) control cells or in REF(DPML cells The relative absoibances of three 
independent determinations are illusttated. 

- Figure 3A shows the survival of monocytes treated with 1000 U/ml of IFNa. A 
repieseutative experiment of five experiments is illustrated. The TUNEL tests demonstate 
that the reduction in cell numbers is due to apoptosis. 

- Figure 3B illustrates histograms indicating the effect of zVAD (100 ^M) 24 hours 
after it was added. THe mean values ± the standi deviations fiom II experiments are 
illustrated. 

- Figure 4A shows that zVAD stabilises PML protein in REF(T) cells. 

- Figure 4B shows that interferon a (1000 UAnl) induces mt PML in REF(T)PML 
25 cells. The arrows indicate dififerentisofonus of the PML. 



15 



20 



EXAMPLES 



MATCRLU^S ANfD METHOD."^ 

30 



Plasmid construction 



PAGE 24133' RCVD AT 2/22/2005 9:10:52 AM pastern standard Time]* SVR:USPTO-EFXRF-1/24' DN^ 



FEB. 22. 2005 9:25AM BROWOY AND NEIMARK NO, 4458 P. 25 

8 

A SactBgm fiagment (- 69, +55 base pairs) of flbe promoter of mouse metallothionfiine was 
inserted in a pKS plasmid and was fused with a Bgffl-BaanHl ftagmeat of a PML cdNA, 
lesulting in the plasmid pKSmMt-PML. For the GFP-PML fusion, the same PML fiagment 
was inserted in the Bgm site of the vector pEGFP-1 (Clonteoh). A retroviral vector 
5 expressmg PML was also constructed by inserting a fiiU-length cDNA from PML (de TU et 
al., 1991) in the EcoRI site of SRotfkneo fuller et al., 1 991). 



10 



20 



Cell cnltnre 



REFC and MEF(T) cells aie embryonic fibroblasts of rats and mice immortalised by an 
SV40T expression vector. REF(K1) cells are immortalised by a SV40T mutant which does 
not bind Rb. and FUl cells are spontaneously immortalised 3T3 lat fibroblasts. For clone 
genesis tests, the cells were transfected with 10 MS of SRatkneo-PML or SRaUcneo in 
culture trays of 10 cm diameter and were selected by neomycin (500 ^g/ml). To obtain 
15 inducible clones, a pool of REF(T) cells was co-transfected with the plasmid pKSmMt-PML 
and a hygromycin resistance vector (DSP-Hygxo). The resistant colonies were examined for 
the egression of PML after four hours of treatment in ZnQ^ (150 pM) and subjected to a 
second clomng cycle by limited dilution. Inducible CHO clones ™ consliucted in a sfanilar 
manner. Ihe monocytes were prepared by the method of Estaquier et al., 1997 nxe 
etoposide (used at 00 nM for 18 to 24 hours) was obtained fiom Biomol Research 
Laboratories, the zVAD (benzyloxycarbonyl-Val^AJa-Asp fluoromethylietone, used at 250 
ixg/ml) was obtained ftom Bachem, and the rnt IFNa was obtained from Access BioMedicaL 
The human interferon a was provided by Schering-Plough. The anti^human PML protein 
antibodies are described in flie article by Daniel et al., 1993. Western blotting e^eriments 
25 with endogenous rat PML protein were performed with the monoclonal antibody 5E10 
which detects both rat PML and human PML. 



. TTie Bax protein was detected using a purified polyclonal rabbit semm directed against 
amino acids 80-98 (SC930 Santa Cruz). Anofter polyclonal rabbit antibody directed against 

30 anotherpeptide (amino acids H '30) (FC 793 Santa Cruz) and a Zymed monoclonal antibody 
gave smiflar re^t.. p27 tip was detected by using a monoclonal antibody (Txansductian 
Laboratories). 
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Bvaluation of ceU death 

The cells were fxeated for 2 hours with 150 jiM of ZnC, Mess stated otherwise) in the 
presence or absence of foetal calf serum deactivated by heat, and the cells were tiien washed 
5 and incubated in a medium without ZnO^. The TUNEL test was peifonned according to the 
manufectuier's instructions (Boehringer Mannheim, in situ ceU death detection kit), with the 
exception of the fixing stage (4% of formaldehyde in EBS phosphate buffer for 10 Linut^s). 
Tie content of cell DNA was evaluated by incubation for 10 minutes in 50 pg/ml of 
piopidium iodide in the presence of 100 Mg/ml Rnase A at Analysis of the expression of 
10 phosphatidylserine on the external layer of cell membranes was performed using 
Amiexiline-V^fluos labeUing (Boehringer Mamdieim) and loss of mitochondrial polarity 
was determined using rhodamine 123 (Molecular probes) according to the manufeclnrer's 
instructions. Tb. samples were analysed on a FACScan analyser (Lysis H software; Becton 
ackmson). Forthe cleavage of substrate by caspase. 5,106 cells were washed in PBS buffer 
15 for one hour at A^C in 200 ^1 of lysis buffer (10 mM Hepes, pH 7.4, 2 mM EDTA, 2 mM 
DTT, 0.1 mM CHAPS). After centrifogation, 20 m of supernatant and 180 of reaction 
buffer (100 mM Hepes, pH 7.4. 2% of glycerol. 5 mM DTT. 0.5 mM EDTA. 50 ^m DEVD- 
pNA (Biomol Research Laboratories)) were mixed and the absorbance at 405 mn was 
measured after incubating for four horns at 37»C. The polyclonal antibody SA 252 is 
20 marketed by Biomol Research Laboratories. 
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EXAMPT.F. t : 

PML indmces cell death indepcniienttv of zVATt 



5 Hie Hansfecticm of a PML (pSGS-PML) expression vector mto different ceU lines of 
fibroblasts strongly decreased the fonnation of sources. Since the PML protein was 
undetectable in the clones obtained ftom ceUs transfected by PML, the results imply that the 
PML exerts a major inhibiting effect either on the cell cycle or on the survival of the cells. 
To understand the mechanism based on this effect, a pool of embryonic rat fibroblasts 
1 0 (REFs) transformed by S V40T was tiansfected with a pKSmMT-PML plasmid, in which the 
expression of PML is under the control of a mouse metallothioneine promoter. Tlereafler 
three of the resulting REFCDPML clones were studied, while three REFC(1} clones beaimg 
the blank vector were tested as a control. The PML protein was detected by Western blotting 
two hours after exposure to ZiiCb (expression detectable fiom 50 M of ZaQj; exhibited a 
15 plateau at 150 ^M of ZnCt) (Figure lA). Hie expression of PML induced the synchronised 
ceU death of the entire cell population, with kiiietics varying fiom 46 hours at 50 mM of 
ZnCl2 to 6 hours for 150 mM. In the three REF(T)PML clones and with 150 nM of ZnQa, 
morphological modifications were observed from three hours after induction. The ceDs were 
surrounded by a clear shrinkage of the cytoplasm (Figure IB), became positive in a TUNEL 
20 test (Figure IB), and were then progressively detached from the tray. They retained their 
capacity to exclude trypans blue, however. These modifications were associated with a 
modest content of subGl DNA (Figure IB), an exlemalisation of the membrane 
phosphatidylserine (Figure IC) and a loss of the mitochondrial tiansmembmne potential 
(Figure IC). WWlst similar modifications were observed in lapqptosis induced by the 
25 genotoxic agent etoposide. they were never fomid in REF(T) control cells txeatfed with ZnCl^ 
(Figures IB and Q. In contrast to the treatment by etoposide. the cell death induced by PML 
was not associated with nuclear morphological features typical of apoptosis such as the 
condensation of chromatins and nuclear fiagmentation, even belatedly in the cell death 
process. Despite cleavage of the DNA (positive sub-GI (Figure IB) end a loss of the 
30 viscosity of the DNA), cell death induced by PML was not associated with a graduation of 
the intemucleosomal DNA, in accordance with the weak positive TUNEL signals (Figure 
IB). 
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Controls: 

As mm cells are cell lines tiamfonned by SV40T, several experiments were perfomied 
m otder to exclude any cortribution by liie '"Big T oncogene of the SV40 virus to the ceU 
5 dealh induced by PML. Firstly, egression of the PML did not alter the e)^ression or the 
locationof SV40TmtheREF(17PMLcells, nor did it degtadep53 or .he liberation of p53 
&om Ihe "Big T oncogene of the SV40 virus. Secondly, in Hela or CHO cells which were 
transiently transfected with either a GFP^PML fusion piotem or with GFP on its own, afl the 
positive GFP-PML cells were progressively detached from the tmy and died, in contrast to 
10 the positive GEP control ceUs. Thirdly, in CHO celU which were stably transfected with the 
Plasmid pKSmMT-PML, induction by ZnCl, resulted, there also, in the death of clones 
expressing the PML protein. Finally, in REF cells expressing a thermosensitive SV40T 
mutant, degradation of the SV40T at 39.5»C did not aifect the cell death triggered by the 
PML 

15 

The induction of cell death can require a transcription de n<^o or c«n reflect the activation of 
pie-existing pathways. The REF(T)PML cells were firstly incubated with ZnCI. and with 
cycloh^dmide for two hours, thus pemiitting the synthesis of PML mRKA and not the 
translation thereof. The cells were subsequently washed and incubated with actinomycine D 
on its own. to permit the translation of PML mEJNA but not mKNA neosynthesis. In this 
experiment, cell death was observred just the same as in the absence of inhibitor, showing 
that transcription de is not required. A death induced by PML does not necessitate and 
does not induce the transition to Ae S phase of the ceD cycle. In feet, the PML always resuhs 
in death in REF(T)PML cells that were blocked at the Gl/S stage by treatment with 
25 aphtdicoKne. Moreover, exposure to BidU at different thnes after mduction by SiCt 
showed that repKcation of fte DNA was not modifiedup to two horns, but was stopped afler 
three houre. and that cell death was present in all phases of the cell cycle (Figure IB). 



20 
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EXAMPLE 2; 

Arsenic promotes cell death triggered by PML 



5 When REFCDPML celk were treated with ZaCi^ and 10^ M A.,03. a rapid acceleratioa wa« 
observed in the morphological modifications associated wiOx cell dealt ITie cleavage of 
TEA as determined by TUNEL teste increased similarly (117% of positive cells for co- 
treatment with ZnCI, compared with 45% for ZnQ^ oxay. whilst M^O, on its own did not 
induce aay increase in lektion to the base level). Jho fact that arsenic increases the induction 
10 of cell death in parallel with Ihe location of PML on nuclear bodies suggests that the location 
of PML near nuclear bodies is important for cell death. 

EXAMPLE 3; 

Death triggered by PML is not associated with caspase activation 



It k known that the programmed occurrence of cell death involves the proteolytic activation 
of caspases, which induce phenotypical changes in apoptosis by the cleavage of nuclear and 
cytoplasmic proteins (Salvesen et aL, 1997), n,e caspase inhibitor zVAD. which blocks 
apoptosis induced by etocoside, does not inhibit cell death induced by PML (Figure 10) and 
20 paradoxically even accelerates it (71% positive TUNEL signal with zVAD and ZnCfc 
compared wifli 45% with ZnCl. only). Tliese observations imply that executants sensitive to' 
2VAD are not required for cell death induced by PML. Moz^over, CPF32 (caspase 3). which 
is the main caspase involved in apoptosis, appears not to be activated during cell death 
induced by PML, inso&r as one of its substrates, PAfiP (poly(ADp.ribose)polymexase) 
25 remains undeaved (Figure 2A). m contract to etoposide, no significant cleavage of the 
colorimetric caspase substrates YVAD-pNa (class 1 caspase, Boeringer Mannheim) 
and DEVD-pNA (class 3 caspase, Boeringer Mamihenn) could be detected after induction by 
PML(FiguiB2B). 
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EXAMPLE 4! 

Arsenic and zVAD majdmise cell deafh induced by PML and interferons 

Primaiy monocytes e^scd to mteiferon « underwent a piogressive cell death which 
resulted in the complete disappearance of the cell cultuie after seven days (Figures 3A and 
3B). On the addition of zVAD with interferon a. death of the whole cell population wzs 
observed in 24 hour., in the absence of the nuclear fi^gmentaiion and chnnnatine 
condensation observed with interferon on its own (Figures 3A and 3B). 
Little or no cell death cellular was observed with zVAD on its own for 20 days in most 
primary cultures (8/11) (Figures 3A and 3B). M three cultures out of eleven, zVAD on its 
own induced the death of part of the culture after seven days, these results probably 
reflecting the endogenous secretion of interferon. Siniilar results were obtained with other 
caspase inhibitors, such as DEVD. 

Ihe Table below illustrates ceU death, as evaluated by the tunel test, of REF(T)P cells treated 
for two days with 1 000 U/nU of IFNo and lO"* M As203 or zVAD. 





IFNo 






+ 


Control 


5% 


42 % 


zVAD 


5% 


60 % 


AS2O3 


5.5% 


63 % 



m REFCD celU, considerable synergy was found between either interferon a and zVAD, or 
interferon oc and As^Os (42% positive TUNEL signal for interferon a only, and 60% Ind 

63% with zVAD and arsenic respectively), 

ZVAD kcreased the levels of expression of PML (Figure 4A), and arsenic increased its 
association with nuclear bodies although the total amount of PML had decreased. The 
similarity of the synergies of zVAD and of aisenic with the cell deaths triggered by PML and 
mtnrferon suggests that PML is mvolved in cell death induced by interferon. Moreover, 
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interferon induces cell death with the same kinetics ^ 50 ,M ZnCfe, and they bolh mduce 
similar quantities of RML protein (Figure 4B). 



EXAMPLE 

The PML profeiii entrains the proteins Bax and p27 towards nuclear bodies 



Bax and p27 are knovm as two products of proapoptotic genes. Double labelling witix anti- 
PML and anti-Bax antibodies showed cytoplasmic labelling of the Bax protein and co- 
location of Bax proteins and endogenous nucleoplasmic PML on nuclear bodies, using three 
10 different antibodies dir^ against distinct portions of Bax. THe supere^ession of PML 
Of PML/RAR« in HeLa calls induced the recruitment of endogenous Bax on structures 
labelled with PML. stroi»gly suggesting a contact between Bax and PML. Immuno^lectionic 
microscopy demonstrated a preferential association of Bax on the periphery of nuclear 
bodies, as shown previously for PML. To ensure that the recruitment of Bax also occurs in 
15 cells which are not Iransfected, HeLa cells were treated with int^cron and/or arsenic, which 
induce bofli the expression of PML and targeting towards nuclear bodies. 
Interferon on its own recruited Bax and induced cell death. Arsenic promoted both the 
recruitment of Bax and cell death. As the total amomit of Bax does not vary, these 
modifications result from the recruitment of Bax on cellular bodies. 

20 

Some practically similar observations were made with the inhibitor cdk p27/]dp (cycline 
dependent kinase inhibitor), which is partly associated with nuclear bodies and is recruited 
by an IFN/aReni? treatment Hie proteins Bax and p27 were thus identified as being new 
antigens bound to nuclear bodies involved in the induction of ceU death. 

25 
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CLAIMS 



1. 



A use of at least one substance which promotes addiessing of the PML protein to 
nuclear bodies and/or its strt,iKsation for flze production of a drag intended to induce the 
death of undesirable cells, with the exception of leukaemia cells of acute promyelocytic 
leiikaeinia when said substance is a compound of arsenic. 

2. A use of at least one substance selected fiom compounds of arsenic, compounds 
having the ssmc biological properties as arsenic, and caspase inhibitors and/or substrates for 
the production of a drug intended to induce the death of undesirable cells, with the exception 
of leukaemia cells of acute promyelocytic leukaemia when said substance is a compound of 

arsenic. 



3. A use according to either one of claims or 2. wherein said substance is associated 
15 with the PML protein and/or with an agent which induces superexpression of the PML 
protein, 

the adnunistiation of said substance and the administration of the PML protein and/or of said 
agent which induces superexpiession of the PML protein being simultaneous or sequential. 

20 4. A use according to claim 3 in which said agent which induces superexpression of the 
PML protein is an interferon such as interferon a or p. 

5. A use according to any one of claims 1 to 4. wherein said substance is arsenic 



trioxide. 



6. 



A use according to any one of claims 1 to 4, wherein said substance is zVAD. 



7, An m vitro method of inducing the death of undesirable cells, comprising placmg the 
undesirable cells in contact with a substance selected from compounds of arsem-c 
30 compounds having the same biological properties as a«enic, and caspase inhibiton and/or 
substrates. 
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8. A method according to claim 7, wherein said substance is associated with the PML 
protein and/or with an agent which induces superexpression of the PML protein, prefexably 
an interferon. 

5 9. A pharmaceutical composition containing 

1) either at least one inhibitor and/ox a caspase substrate, associated with: 

- at least one compound of arsenic or a compound having the same biological 

properties as arsenic, 

and/or the PML protein 

and/or at least one agent which induces superexpression of the PML protein, 
such as an interferon, 
in the presence of a phaimaceutically acceptable vehicle; 

2) or at least one compoimd of arsenic or a compound having the same biological 
properties a. arsenic associated with the PML protein and/or with at lea^ one" agent which 
15 induces ^perexpression of the PML protein, such as an interferon, in the pi^ence of a 
phannaceutically acceptable vehicle. 

10. A kit comprising 

a) - a phamaceutical composition (1) containing at least one inhibitor and/or caspase 
20 substrate, in association with a pharmaceutically acceptable vehicle; 

and/or a phannaceutical composition (2) containing at W one compound of arsenic or a 
compound having the same properties as arsenic, in association with a pharmaceuticaUy 
acceptable vehicle; arxd 

b) - a pharmaceutical composition (3) confining the PML protein in association with a 

25 phaimaceutically acceptable vehicle; 

- and/or a pharmaceutical composition (4) containing at least one agent which 
induces superexpression of the PML protein, such as an interferon, in association with a 
pharmaceutically acceptable vehicle; 

said phannaceutical compositions being intended for simultaneous or sequential 
30 administration. 
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